J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



® Publication number: 



0 374 050 

A1 



EUROPEAN PATENT APPLICATION 



© Application number: 89403482.6 


© int. CI. 6 : H05B 33/04 


© Date of filing: 14.12.89 




© Priority: 16.12.88 US 285796 


© Applicant: LOCTITE LUMINESCENT SYSTEMS, 


INC. 


© Date of publication of application: 


Etna Road 


20.06.90 Bulletin 90/25 


Lebanon New Hampshire 03766(US) 


© Designated Contracting States: 


© Inventor: Nativi, Larry A. 


DE FR GB IT NL SE 


245 Annes Court 




Rocky Hill Connecticut 06067(US) 




Inventor: Marlon, Robert H. 




P.O. Box 165 




Lebanon New Hampshire 03766(US) 




Inventor: Ashour, Tahsln A, 




5 Rocky Hill Road 




Amherst New Hampshire 03031 (US) 




© Representative; Lhoste, Catherine et al 




SOCIETE DE PROTECTION DES INVENTIONS 




25, rue de Ponthleu 




F-75008 Parls(FR) 



© Improved destccant for el lamps. 



© An improved electroluminescent lamp is de- 
scribed comprising a desiccant layer comprising a 
formed-in-place patternable hygroscopic film, layer 
(18). 
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IMPROVED DESICCANT FOR EL LAMPS 



BACKGROUND OF THE INVENTION 



This invention relates to a method of manufac- 
turing visible display devices from electrolumines- 
cent phosphors and more particularly to a method 
of making an electroluminescent light source in the 
form of a thin, flexible, multi-layered assembly, and 
to a lamp as produced. 

An electroluminescent lamp is basically com- 
posed of a layer Qf electroluminescent phosphor 
material typically of a metal activated zinc sulfide 
fixed in place by a polymer binder between two 
conductive layers, one of which is transparent. 
When an alternating; electric field is applied across 
the conductors, the phosphors are excited and emit 
photons with almost all of the radiated energy lying 
within the visible light spectrum. The emission 
spectrum and wavelength generated by the phos- 
phors is controlled by the activator element such 
as copper or manganese. 

Electroluminescent phosphors and the polymer 
binders used are inherently hygroscopic and sen- 
sitive to moisture. When exposed to high humidity, 
the luminescent capability of the phosphor particles 
is diminished, and performance deteriorates. The 
sensitivity of the phosphor particles to moisture is 
so strong that exposure even to conditions of low 
humidity may adversely affect performance and 
decrease the light output capacity and useful life of 
the Jamp in which the phosphors are incorporated. 
To effectively reduce the exposure of the elec- 
troluminescent phosphors to moisture, an internal 
desiccant layer may be Incorporated in the lamp. 

One method of fabricating an electrolumines- 
cent lamp is currently- employed starting with a 
conductive non-transparent substrate of, for exam- 
ple, a sheet of aluminum foil upon which is coated 
an insulating layer of high dielectric constant ma- 
terial such as barium titanate. Then, an elec- 
troluminescent phosphor in a polymer binder is 
deposited over the dielectric layer and oven dried. 
A transparent conductive coating formed from, for 
example, indium oxide and/or indium tin oxide is 
then deposited Over the phosphor layer to form the 
front electrode. Alternatively, the front electrode 
may be formed from indlum-tln-oxide sputtered 
Mylar film. A busbar having a conductivity greater 
than the conductivity of the transparent conductive 
coating is formed adjacent the periphery of the 
transparent conductive coating, and a thin nylon 
preformed film is then applied over the busbar and 
front electrode. The nylon film or other suitable 
desiccant film acts as an internal desiccant whose 
purpose is to collect and hold any small traces of 



moisture left over from the manufacturing process 
and to scavenge and retain any moisture which 
may infiltrate the lamp area. Thereafter, the nylon 
desiccant film is pulled up to position and attach 

5 the front lead, and a second lead is attached to the 
aluminum foil conductive substrate. Alternatively, 
the front lead may be positioned before applying 
the desiccant film, but this may present staining 
problems since the desiccant film also protects the 

w lamp during processing and handling to prevent 
staining due, for example, to skin oils from the 
person handling the lamp. Therefore, the preferable 
method is to apply the desiccant film and peel it 
back to position the lead on the busbar. 

.75 The entire assembly excluding a portion of the 
connecting leads is then sandwiched between two 
moisture barrier films such as a polych- 
lorotrifluoroethylene (PCTFE) film which is com- 
mercially available from Allied Chemical Co. under 

20 the trade name ACLAR R , or a polyester film, both 
of which are heat laminated to the assembly and to 
each other around the perimeter of the lamp. As 
will be appreciated, the current manufacturing pro- 
cedure is labor intensive and time consuming, and 

25 has inherent quality control problems resulting in a 
considerable number of unusable lamps. Moreover, 
in current manufacture lifting the nylon desiccator 
film in order to position and attach the front lead 
may break the . busbar, and/or permit ingress of 

30 moisture and/or contaminants which may result in 
premature lamp failure in the field. 

Moreover, the use of nylon desiccant films 
adds other manufacturing difficulties. These include 
the necessary precutting which Is usually done off- 

35 line, and static charge build-up which inherently 
occurs in the handling of nylon film. This static 
charge attracts dust, often causing unacceptable 
lamps. Other problems involve hand tacking and 
lead attachment when using nylon film. 

40 

BRIEF SUMMARY OF THE INVENTION 



45 ' The present invention overcomes the aforesaid 
and other prior art problems by using a patter nable 
formed-ln-place desiccant polymer film in place of 
a preformed desiccant film of nylon or other suit- 
able desiccator materials. The patternable formed- 

50 in-place desiccant polymer material applied directly 
to the assembly following attachment of the bus- 
bars, leaving the lead traces exposed, and Is 
cured-in-place by a method appropriate to the par- 
ticular material selected, for example, thermal cur- 
ing, air drying, or exposure to ultraviolet or other 
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radiation. The resulting cured-in-place polymeric 
film material completely protects the underlying 
layers. Besides applying a layer of the desiccant 
polymer material to the light-emitting side of the 
lamp, a similar layer may be applied to the back of 
the lamp. Thereafter, the resulting assembly can 
be, and is preferably sealed between two moisture 
barrier members such as ACLAR R PCTFE film. 



DETAILED DESCRIPTION OF THE INVENTION 

For a fuller understanding of the invention ref- 
erence should be made to the following specifica- 
tion taken in connection with the drawings In which: 
Figure 1 shows an exploded diagrammatic 
schematic view of an electroluminescent lamp 
made in accordance with the present invention. 
This drawing also included a flow sheet of process- 
ing steps involved in a preferred form of the inven- 
tion; and 

Figure 2 shows a membrane switch incor- 
porating an electroluminescent lamp made In ac- 
cordance with the present invention. 

Referring now to Figure 1 of the drawings, the 
construction and process of the present invention 
involves the following steps: An aluminum 24 oz. 
foil sheet 10 is first coated with a barium tltanate 
paint layer 12, which is then oven dried. Thereafter, 
a phosphor paint layer 14 is applied over layer 12 
and this is oven dried. An indium tin oxide elec- 
trode 16 is then silkscreened on, and this is oven 
dried. Next silver busbars 18 are silkscreened onto 
electrode 16 and oven dried. The resulting assem- 
bly is then coated with a patternable curable des- 
iccant polymer coating 20 which is silkscreened 
over the busbars 18 (leaving an area for lead 
attachment exposed) and over the indium tin oxide 
electrode 16, and the coating is. cured-in-place to 
form a desiccant film coating. The patternable cur- 
able desiccant polymer coating may comprise one 
or a mixture of screenable materials which form on 
curing a film. The term curing as used herein 
includes, but is not limited to, air drying, oven 
drying, heat curing, solvent evaporation, photocur- 
ing, and radiation curing. The term patternable as 
used herein refers to materials which are capable 
of being applied using any one of a number of 
techniques, including but not limited to printing, 
coating, spraying, depositing, painting, silkscreen- 
ing, or otherwise forming in place. While there are 
a large number of materials which can be used as 
the patternable curable desiccant polymer coating 
material in accordance with the present invention, 
the preferred materials comprise those which (1) 
are sufficiently fiowable in the uncured state so as 
to be capable of being patternable, printable, 



formed-ih-place, or applied using selective deposi- 
tion techniques such as silkscreening, In order to 
cure to films; (2) have good bonding characteristics 
to the underlying surfaces; (3) are thermally stable 

5 at the expected processing and operating tempera- 
tures of the lamp; and (4) have a relatively low but 
sufficient solubility In water to scavenge and retain 
ay moisture left over from the manufacturing pro- 
cess or which may Infiltrate the lamp during its 

10 design life. Among suitable materials are men- 
tioned soluble nylon such as Elvamide* (available 
from E.I. DuPont de Nemours Co.), cellulose ace- 
tate, polyvinyl alcohol (PVA), and polyethylox- 
azoline (PEOX n , available from Dow Chemical Co,) 

75 resins. Additionally, certain thermal setting poly- 
mers and resins can be used to achieve the advan- 
tages of the present invention. Yet another and 
preferred class of materials useful in the present 
invention comprise UV or other radiation curable 

20 materials. Amongst suitable and preferred UV. cur- 
able materials are mentioned Lite-TakTM 375 UV 
curing adhesive and Lite-TakTM 376 UV curing 
adhesive, both available from Loctite Corporation. 
The manufacturer describes these materials as 

25 comprising a mixture of polyurethane acrylate res- 
ins, a cyclic amide, acrylate or ethoxyethocyethyl 
acrylate, and a photoinitiator. 

The coated assembly then is subjected to ap- 
propriate conditions to cure the polymer material. 

30 Thereafter, the leads 19 are attached and the re- 
sulting assembly is sealed between two layers (22 
and 24) of moisture barrier sheet materials such as 
ACLAR R film available from Allied Chemical Co., 
which may be laminated to the opposite faces of 

35 the assembly using an adhesive or hot laminating 
technique whereby to form an electroluminescent 
lamp. 

The features and advantages of the present 
invention are more fully shown with respect to the 
40 following working example which describes a pre- 
ferred embodiment of the invention. 



WORKING EXAMPLE 

45 

In a preferred embodiment of the Invention the 
basic lamp structure is fabricated in known manner 
by applying a suspension of barium titanate in a 

so heat curable resin and drying onto an aluminum foil 
substrate. A phosphor paint is deposited over the 
barium titanate layer, indium' tin oxide electrode is 
formed over the phosphor paint, and silver busbars 
are formed all in known manner. 

55 Thereafter, a screenable UV curable desiccant 
layer comprising a mixture of polyurethane acrylate 
resins, a cyclic amide, an acrylate ester and a 
photoinitiator pf the type sold by Loctite Corpora- 
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ton under the Trademark "Lite-Tak" type 375 UV 
Curing Adhesive is applied to the resulting assem- 
bly. The manufacturer describes the "Lite-Tak" 375 
formulation as follows:. The polyurethane acrylate 
resin mixture in the UV curable adhesive is a 
mixture of resins sold by Celanese Chemical Co. 
under the designation Interez CMD-8800. The 
cyclic amide is N-vinyl pyrrolidone sold by GAF 
Corp. Chemical Products under the designation V- 
Pyrol. The acrylate ester is ethoxy ethylethoxy 
ethyl acrylate sold by Thiokol Chemical Corp. un- 
der the designation RC-20 and the photoinitiator is 
Irgacure 651 sold by Ciba Geigy. This photoinitiator 
is a substituted acetophenone. The UV curable 
desiccant layer should be applied to form a cured 
film of 0.2 to 20 mil; preferably 1 to 2 mil. Curing 
time is directly proportional to film thickness. For 
example, for a one mil dried thickness of "Lite- 
Tak" 375. 5 seconds exposure at 365 nanometers, 
150,000 microwatts per square centimeter is ade- 
quate. For three mils thickness, 10 seconds expo- 
sure is desired. 

Electrical characteristics of an electrolumines- 
cent lamp made in accordance with the foregoing 
working example were recorded before and after 
life tests and compared with a conventional, prior 
art electroluminescent lamp made using a 4 mil 
thick modified Nylon-6 desiccant film. The results 
are summarized as follows: 

1. Brightness degradation measured over 
time in a 98% relative humidity environment at 
40 *C is similar for 4 mil thick modified Nylon-6 
and 3 mil thick "Lite-Tak" films. 

2. Power and power factor were similar for 
"Lite-Tak" and modified Nylon-6. 

3. Initial brightness was about 10% lower 
with "Lite-Tak". 

As can be seen from the foregoing, the present 
invention offers a number of significant advantages 
over the prior art. These include: 

1 . Dirt and contamination are less of a prob- 
lem than with a preformed film, since dirt can be 
filtered out prior to silkscreening; also, there is no 
problem with static dust; 

2. When the lamp assembly process in- 
volves lifting the desiccant to place the leads, bus- 
bar liftoff can be eliminated, since the desiccant 
can be patterned leaving exposed areas for the 
lead contact; 

3. Lead attachment can be automated since 
the prior art step of partially hand-lifting the nylon 
desiccant film to attach the front lead is eliminated; 
and 

4. The lamp assembly process can be auto- 
mated much easier because the desiccant layer 
can .be. accurately aligned to the lamp, preventing 
intrusion into the sealed area; also, the placement 
of the leads is simplified; 



5. Dyes can be incorporated into the des- 
iccant layer to create varying colors, eliminating the 
. extra layer, filter, or processing step which is 
sometimes needed for colorization; 

5 6. The lamp assembly can become an in-line 

automated process. 

White the above embodiments are shown to 
provide a preferred embodiment of the Invention, 
modifications thereof may be made within the spirit 

to and scope of the invention. For example, as shown 
in Figure 2, the invention also may be advanta- 
geously used in the manufacture of thin, highly- 
flexible lights for use in membrane switch products 
where it becomes necessary to use other flexible 

T5 substrates as opposed to the traditionally used 
rigid aluminum foil. Prior art membrane switch 
lamps made of soft* foil or aluminized polyester 
typically comprise holes and cut-out areas for the 
membrane switch. When used with a sheet des- 

20 iccant, the phosphor and barium titanate coatings 
have a tendency to delaminate from the soft foil or 
aluminized polyester when cut. The use of a patter- 
nable formed-in-place desiccant polymeric film in 
place of the traditionally used Nylon desiccant film 

25 prevents this from occuring since the cured film 
coating strengthens the layers. More particularly, 
as seen In Figure 2. an electroluminescent lamp is 
produced following the general procedure detailed 
. for Figure 1, however, substituting for the 24 oz. 

30 aluminum foil sheet 10 10 oz. soft aluminum foil 
10A or aluminized polyester. Barium titanate 12 is 
deposited as before, and a phosphor paint layer 14 
deposited over the barium titanate coating 12. An 
indium tin oxide electrode 16 is screened on as 

35 before, and the resulting assembly is coated with a 
patternable curable desiccant polymer coating 20 
in accordance with the teachings of the present 
invention. The resulting assembly Is laminated be- 
tween ACLAR films 22, 24 and affixed between the 

40 switch and graphics layers of the membrane 
switch. (Further details of the membrane switch 
panel 26 have been omitted, since the switch panel 
per se forms no part of the present Invention.) It 
should be noted that typical membrane switch 

45 lamps Inherently have a low life since they use thin 
materials and no desiccant layer to increase the 
tactility (in order to minimize actuation force). The 
membrane switch lamp In this invention uses a 
desiccant layer which increases the life of the 

so lamp. 

Still other changes may be made in the inven- 
tion without departing from the spirit and scope 
thereof. 

55 

Claims 

1. An improved electroluminescent lamp char- 
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acterized by the inclusion, in the construction of 
said lamp of a desiccant layer comprising a patter- 
nable hygroscopic film (20). 

2. The Improved electroluminescent lamp of 
claim 1 characterized in that the lamp comprises, 
in order, a base electrode layer (10), an elec- 
troluminescent phosphor layer (14), and a transpar- 
ent or translucent electrode layer (16), and adjacent 
any one or more of the foregoing layers, at least 
one patternable desiccant layer (20). 

3. The Improved electroluminescent lamp of 
claim 1 or 2 characterized in that the desiccant 
layer (20) is transparent or translucent in its formed 
state and is patternable in its unformed state. 

4. The improved electroluminescent lamp of 
claim 2 characterized by one or more of the follow- 
ing features: 

(a) said lamp construction is encased be- 
tween two moisture barrier film layers (22, 24); 

(b) the at least one desiccant layer (20) is 
adjacent the phosphor layer (14) or the transparent 
electrode layer (16) or both; 

(c) comprising an insulating layer (12) prefer- 
ably barium titanate, between said base electrode 
layer (10) and said electroluminescent phosphor 
layer (14); 

(d) the electroluminescent phosphor layer 
(14) comprises an insulating material having the 
phosphor dispersed therein; 

(e) .said desiccant layer (20), in its unformed 
state, comprises any one of the following: 

(i) a film forming polymer solution, 

(ii) a film forming polymer emulsion, and 

(iii) a film forming curable composition;. 

(f) the desiccant layer (20) comprises a 
photocured polyurethane acrylate resin; and 

(g) comprising a busbar (18) adjacent said 
transparent electrode layer (16). 

5. The Improved electroluminescent lamp of 
any of claims 1 to 4, characterized in that said 
desiccant layer (20) further comprises a dye. 

6. An improved method for manufacturing elec- 
troluminescent lamps comprising a base electrode, 
an electroluminescent phosphor layer and a trans- 
parent electrode layer, said improvement charac- 
terized by applying a patternable film forming hyg- 
roscopic material over at least one of the foregoing 
layers and curing said material in place so as to 
form a hygroscopic film adhering to said underlying 
layer prior to continuing with the construction of 
said electroluminescent lamp, 

7. The improved method for manufacturing 
electroluminescent lamps according to claim 6 
characterized in that said method comprises the 
steps of (a) forming a base electrode, (b) providing 
an electroluminescent phosphor layer on said base 
electrode, (c) curing said phosphor layer, (d) pro- 
viding a transparent electrode layer over said phos- 



phor layer, and (e) curing said transparent elec- 
trode layer wherein the improvement step is in- 
serted following step (a) or following (d) or follow- 
ing step (e) or any combination thereof. 
5 8. The improved method according to claim 7 
further characterized by the step of sealing said 
resulting electroluminescent lamp between two 
moisture-proof films by either 

(i) placing the construction between two lay- 
w ers of moisture-proof film and sealing the same, or 

(ii) forming the base electrode layer on a first 
layer of a moisture-proof film and following the last 
step of claim 16 placing a second moisture-proof 
film atop the entire assembly opposite said first 

is moisture-proof film layer and sealing the entire 
assembly therein. 

9. The method of claim 7 characterized by one 
or more of the following features: 

(a) the improvement step is executed fotlow- 
20 ing the curing of the transparent electrode layer; 

(b) further comprising the step of providing a 
busbar adjacent said transparent electrode layer; 

(c) the patternable curable desiccant material 
comprises a photocurable polyurethane acrylate 

25 resin; and 

(d) said film-forming hygroscopic material is 
cured by any one of solvent evaporation, photocur- 
ing, heat curing, air drying, oven drying, and radi- 
ation curing as appropriate for the selected film 

30 forming material. 

10. An improved membrane switch-elec- 
troluminescent lamp assembly characterized by 
comprising a membrane switch panel and an elec- 
troluminescent lamp according to any of claims 1 

35 to 5. 
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